Besides elevated levels of lipids and lipoproteins, ievels of the physiological amino acid homocysteine as well as whole blood folates are now known to play a role in atherogenesis. The role of folates in atherosclerosis is rather peculiar in that it helps to catalyse the remethylation of homocysteine (a proatherogenic agent) to methionine thus preventing the accumulation of homocysteine in plasma and hence its antiatherogenic role. We estimated whole blood folate levels of 69 normotensive, 34 diabetic and 94 hypertensive individuals and have attempted to correlate these values with lipid and non-lipid parameters. Whole blood levels of simple, conjugated and total folates were significantly higher among the diabetics as well as the hypertensives when compared to the normotensives. In all the study groups, levels of conjugated folates correlated significantly to those of total folates even after adjustments for age and body mass index were introduced. Among the normotensive individuals the significance of the inverse correlation between simple folates and total cholesterol/high density lipoprotein cholesterol ratio was lost after adjusting for age and body mass index. Levels of total and conjugated folates were positively correlated to plasma levels of thromboxane B2 among the diabetics. In the same group the positive correlation between total folates and thromboxane B2 and that between total folates and the eicosanoid ratio remained significant even after adjustments for age and body mass index were introduced. None of the other metabolic variables correlated with whole blood levels of simple folates in any of the study groups.
Introduction
Elevated plasma levels of lipids, especially total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), triglycerides (TG) and very low density lipoprotein cholesterol (VLDL-C) as also high levels of the amino acid homocysteine (Hcy) are known to be associated with an increased risk of atherosclerosis (1 ,2). Folic acid has been reported to have a protective role against atherosclerosis in man and rats (3, 4) . Dietary supplementation of folates is known to reduce levels of homocysteine (5) (6) (7) .
In addition, hypertension and diabetes are esta§Author to whom correspondence should be addressed.
Pteridines / Vol. 6 / No. 2 blished risk factors for atherosclerosis (8) (9) (10) . Although both the hypertensives and diabetics have an abnormal lipid profile, the latter are even more predisposed to CHD, because of the accompanying higher platelet aggregability(ll). The present study was therefore undertaken to estimate whole blood levels of folates in hypertensives, diabetics and normal individuals and to correlate these with plasma lipid, lipoprotein and eicosanoid levels. We studied the whole blood levels of simple, conjugated and total folates and correlated them with plasma levels of TC, TG, VLDL-C, HDL-C. the eicosanoids thromboxane B2 (TxB2) and 6-keto prostaglandin Floc (PGg oc )' age and body mass index (BM I).
Materials and Methods

Study population
The study comprised 197 individuals. Of these, 69 were normotensives (62 males and 7 females), 94 were hypertensives (87 males and 7 females ) and the remaining 34 were diabetics (33 cases of non insulin dependent diabetes mellitus and I case of insulin dependent diabetes mellitus).
Although the patients were on anti-hypertensive and anti-diabetic therapy, none of the individuals had taken any vitamin supplements at least 4 weeks prior to the study.
Blood Sampling
Venous blood (10 ml) was drawn after an overnight fast. A 2 ml aliquot was transferred immediately to a tube containing 0.19 ml of EDTA solution (2 g disodium EDTA and 0.8 g of NaCl, adjusted to pH 7.4 with NaOH, and nade to a final volume of 100 ml with distilled water) and 0.01 ml of 0.04 M indomethacin solution (50 mg ) indomethacin dissolved in 3.5 ml of absolute alcohol). This blood mixture was centrifuged at 1600Xg for IS min. at 4°C and the collected plasma stored a t -20°C for eicosanoid extraction and analysis.
The remaining 8 ml of blood was transferred to a polypropylene tube containing 0.8 ml of 3.8% sodium citrate which was used as an anticoagulant. I ml of this anticoagulated whole blood was aliquoted and used for folate extraction as describd below. The rema ining whole blood was centrifuged at 1600Xg at 4°C and the plasma thus obtained was used for lipoprotein analysis.
Lipid and Lipoprotein Analysis
Total cholesterol, TG as well as HDL-C were analysed using commercially available kits (Mis A. Menarini diagnostics, Italy). Briefly, to I ml of plasma 0.1 ml of precipitating reagent was added and the tube was allowed to stand at room temperature for 15 min. The mixture was then centrifuged at 4000Xg for 15 min at 4'C , and the supernatent thus obtained was used to determine cholesterol concentrations which was a measure of the plasma HDL-C level.
Plasma LDL-C and VLDL-C were derived by the Friedewald formula (12) values and TG/5 is an estimate of the VLDL-C level valid for TG levels lower than 400 mgldl. In samples where TG levels were above 250 mgldl, we determined the actual VLDL-C concentration by the method of Ono ngbu (13).
Plasma Eicosanoid Extraction and Estimation
Bonded silica columns (AmprepTM minicolumns code No. RPN 1903 from Mis Amersham International pLC, u.K.) were used for the extraction of eicosanoids form plasma according to the protocol supplied by the manufacturers. Briefly, 1 ml plasma was acidified with I N HCI to pH 3 and applied to the column. After removing the interfering compounds with water, 10% ethanol and hexane, the eicosanoids were eluted from the column by methyl formate. The solvent was evaporated under liquid nitrogen and TxB2 and PGF,oc were then determined by a radioimmunoassay (RIA) procedure using commercially available kits (Amersham).
Whole Blood Folate Assay
Whole blood folates were assayed bya differential microbiological assay before (simple folates ) and after conjugase digestion (total folates) with Lactobacillus casei ATCC 7469 according to the procedure of Noronha and Aboobaker (14) . L. casei is known to respond to all forms of unconjugated folates. The difference between total folate levels and simple folate levels was taken as a measure of conjugated folate levels.
Statistical Analysis
The data are presented as mean ± SEM (standard error of mean). Student's "t" test was used to compare the differences between the means (IS).
The relation between dependent and independent variables was analysed by calculating the Pearson's correlation coefficients (16) . To obtain a better idea of the exact relationship between the folate forms and the various metabolic variables studied partial correlation coefficients were calculated. A statistical software programme "Number Cruncher Statistical System" (NCSS 5, x series) was used.
Results
Age and the laboratory characteristics of the study population are shown in Table 1 . The average age of both the hypertensives and diabetics was higher than the normotensives. Plasma TG and \'LDL-C were significantly elevated among both the diabetics and hypertensives. The TC/HDL-C ratio although elevated among both the hypertensives and diabetics, was significant only among the hypertensives. Although HDL-C was lower in both of the study groups, the difference was significantly different only in the hypertensive group Total cholesterol, LDL-C and BMI were not significantly different ~etween the groups. Among the hypertensives, all the three categories of folates namely simple, total and conjugated folates, were significantly elevated when compared to normotensives. In the diabetics, conjugated folates were elevated when compared to the normotensives, the differences of simple and total folates were even more significant (Table 1) .
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Complex interrelationships among variables have been found in all the three study groups. The Pearsons correlation coefficients between the various metabolic variables for the normotensive, hypertensive and diabetic groups are presented in Table  2 . Among the normotensives, simple folates were positively correlated to total folates and inversely correlated to the TC/HDL-C ratio. Whole blood conjugated folates were positively correlated to total folates. The total folates did not correlate significantly with any of the lipid or lipoprotein parameters studied.
Among the hypertensives, whole blood levels of simple folates were positively correlated to both the conjugated folates and total folates ( Table 2) . Conjugated folate levels were positively correlated to total folate levels. However none of the folate forms correlated significantly with any of the other metabolic variables studied.
In the diabetic group whole blood levels of conjugated folates correlated positively with total folates and plasma TxB2 (Table 2) . However, total folates correlated positively to plasma TxB2 levels and the TxB2/PGF 1oc ratio
The strength of these linear relationships among the variables changed when and adjustment for atge and BMI was introduced in all the three study groups. First order partial correlation coefficients by age and BMI for all the three study groups are presented in Table 3 . In all the three study groups, the positive correlation between conjugated folates and total folates remained significant even after adjustments for age and BMI were introduced. In the normotensive group, the positive corelation between whole blood levels of simple folates and total folates remained significant after adjusting for age. However, on adjusting for BMI, this correlation was found to be statisticallyt insignificant. Among the normotensives the significance of the inverse correlation between total folates and TxB2 was maintained even after an adjustment for age was introduced. However, when an adjustment for BMI was introduced, this correlation lost its significance. Similarly, the inverse correlation between simple folates and TC/HDL-C ratio lost its significance after correcting for age and BMI. In the hypertensive group, the positive correlation between simple and total whole blood folates remained significant even after adjusting for age and BMI. The positive correlation between simple an conjugated folates remained significant when and adjustment for age was introduced, but lost its significance when an adjustment for BMI was introduced.
In the diabetic group, the positive correlations between conjugated folates and TxB2 remained significant even after adjustments for age and BMI were introduced (Table 3 ). The insignificant positive correlation between conjugated folates and TxB2/ 6-keto PGF 10C ratio turned significant of adujstment for BMI. However, the same correlation was maintained on adjusting for age. Also, the significant correlations between total folate and TxB2 and between total folates and TxB2/6-keto PGFt oc ratio was maintained even after adjusting for age and BMI.
Partial correlations for interrelated factors were also calculated for all the three groups. It was only in the diabetic group that the positive correlation between total folates and the TxB2/PGF 1OC ratio (r =0.44*) lost significance when adjustments for T XB2 (r=O.OI n.s.) and conjugated folates (r=0.26 n .s.) were introduced. However, the other correlaPteridines / Vo!' 6 / No.2 tions in this study group did not change when adjustments for interrelated factors were introduced.
Discussion
Recently interest has been generated in the relationship between whole blood folates and atherosclerosis. This study was undertaken with a view to evaluate levels of whole blood folates and to correlate these values with the lipids, lipoproteins and eicosanoids among normotensives, hypertensives and diabetics.
In streptozotocin-induced diabetic rats, polyglutamyl derivatives of folate which represent 80-85% of normal rat liver folates were entirely converted to simple forms 25 days after the onset of diabetes (17) . A three fold rise in urinary excretion of folates, mainly methyltetrahydrofolate forms, was also observed during this period (18) indicating an impaired tissue storage resulting in increased excretion of folates in streptozotocin-induced diabetes. Total liver folates however were infact slightly increased (though not significantly) possibly indicating enhanced dietary absorption in the diabetic rat or tissue breakdown (other than liver) (19) . Also a two to three fold increase in the conjugase (the enzyme that hydrolyses conjugated folates) activity along with a reduction in the polyglutamate synthetase activity by 75-80% was observed in these diabetic rats (17) .
In our study among human subjects suffering from diabetes, the whole blood levels of simple and total folates studied were found to be significantly higher than those of the normotensives. This could probably be attributed to enhanced absorption or to tissue breakdown or to the strict dietary regimen as well as medications that tend to bring about near normoglycemic conditions among the diabetic subjects.
In the hypertensi\'e group the levels of all the three forms of folates studied were significantly elevated when compared to those of normotensives (Table 1) . Also, the levels of plasma TxB2 were inversely correlated to levels of all the three forms of [olates among both the normotensives and hypertensives but this was not the case with the diabetic subjects ( Table 2 ). Thus the higher levels of the antiatherogenic folic acid among the diabetics could not protect against an elevated production of the proatherogenic vasoconstrictor TxB2.
The situation among the normotensive and hypertensive individuals was, however exactly the reverse. Elevated whole blood folate levels were found to be inversely correlated (though not significant) to the TxB2 levels as seen in Table 2 . A ,possible explanation for this could be that a large number of hypertensives were on medication known to decrease the production of eicosanoids (20) (21) (22) . In the diabetic condition however, as the disease progresses, there is a gradual degeneration of the liver and pancreas which probably releases conjugated folates into the blood stream thereby reflecting is an elevation of blood conjugated folate levels among the diabetics.
It is well known that 80~90% of normal blood folates are present as conjugated forms (14) . In our study simple folates were positively correlated to total folates in normal and hypertensive subjects but not in the diabetics (Table 2) . However, conjugated folates correlated positively with total folates in all the three study groups as would be expected ( Table  2) .
The role of folates in eicosanoid metabolism seems to be indirect presumably by lowering the pro atherogenic Hcy. The clinical significance of folate metabolism in atherosclerosis could lie in its ability to lower Hcy rather than to any direct association in the etiology of CHD (17.23) . Hence the estimation of plasma homocysteine levels may throw more light on the suggested indirect role of folic acid as an antiatherogenic agent.
